The construction of plasmids containing T7 class I promoters with deletion mutants was described. Restriction fragments, ending at the Hinf I site located at position -10 in the promoter from 14.8% of the T7 genome, were cloned into pBR322. This produced the deletion of either the left or the right part of the promoter. The in vitro transcription properties of these plasmids were determined. Control plasmids were obtained by cloning wild type class II and class III promoters into pBR322. These plasmids also were used to compare the in vitro transcription properties of the two classes of late promoters.
INTRODUCTION
T7 RNA polymerase is a monomeric protein (105,000 daltons) which is synthesized very early during the infection of E. coli by T7 (1) . It is both considerably smaller and less complex than the bacterial RNA polymerase, but nevertheless is responsible for the expression of both the middle (class II) and late (class III) T7 genes (2) .
The late promoters have a structure very different from bacterial promoters, consisting of a highly conserved uninterrupted sequence extending from -17 to +2 bps relative to the initiation site. Since the expression of the class II and class III genes is regulated at the level of transcription (3) , the late promoters also are divided into class II and class III. Of the 17 late promoters which are mapped and sequenced, 10 are class II, 5 are class III and 2 are near the ends of the genome (4, 5, 6, 7, 8) . There are two structural differences between class II and class III promoters which probably account for the differences in their expression. Class II promoters are all located in the 14-40% region of the T7 genome while class III promoters are all located to the right of 40% (9) . Class III promoters have the conserved sequence from -17 to to +2 and extend the region of conservation from -22 to +6.
In order to more fully understand the essential features of the conserved region, a series of T7 late promoters with deletion mutations was constructed.
Since these mutant promoters were on plasmids, the isolation of sufficient amounts of templates for a series of quantitative i^ vitro transcription experiments was facilitated.
MATERIALS AND METHODS

Enzymes
Hinf I was purified by the procedure of Greene et a_l. (10) A partially purified T7 RNA polymerase was prepared from T7 infected E. coli MO cells. A cleared lysate of the infected cells was brought to 0.2M NaCl in P-buffer and run through a phosphocellulose column as described (12) .
The active fractions were pooled, diluted to 0.2M NaCl with P-buffer (described in 12), and run through the column a second time. This procedure produced a 160 fold purification of the polymerase. A 37% increase in specific activity was observed when the pooled fractions were concentrated by dialysis (vs. P-buffer, 50% glycerol, 50mM NaCl) possibly due to the removal of excess salt. When assayed as described (12) , the final pool contained 827 units/ml at a specific activity of 2560 units/mg. Two methods showed no detectable RNase contamination of the T7 TNA polyraerase. In an in vitro transcription experiment, using a 4 fold greater concentration of polymerase than normally used, the incorporation of [ H]-CMP into acid insoluble RNA showed a linear rate of increase which leveled off after about 1 hour and showed no decrease after 4 hours. Also, [ H]-labeled RNA was incubated with an 8 fold greater than normal concentration of polymerase in the transcription buffer at 37° for 1/2 hour; this produced no detectable loss of acid insoluble counts. This preparation also has proved to be stable for at least 6 months when stored at -20°.
Cloning Methods
DNA fragments for cloning were isolated from polyacrylamide gels (13) .
If the sticky ends of the fragment and vector were incompatible, they were filled in with Micrococcus luteus DNA polymerase before ligating (14) .
Ligation reactions (15) and transformations (16) were essentially as described. Several restriction sites in the tet region of pBR322 were used for the cloning of the fragments. Clones of the desired fragments were found by screening the amp tet colonies by toothpick assays (17), followed by microscale plasmid DNA preparations (18) and restriction mapping.
Plasmid DNA samples were prepared as described (19) . The E. coli strain MO (14) was used for purification of plasmid DNA and for the preparation of the T7 RNA polymerase.
Construction of Promoters with Deletion Mutations
Three DNA fragments, containing either a late promoter or a part of a late promoter, were obtained from pRW351 ( Fig. 1) . Deletions of either the left or the right part of the promoter were produced by cloning the 107 bp or the 241 bp fragment into pBR322. In these clones, the base-pairs missing from the promoter are replaced by the vector DNA adjacent to the cloned fragment.
Construction of Plasmids with Wild Type Promoters
The 122 bp Eco RI fragment, which contains a class II promoter ( Fig. 1) , was cloned into the Eco RI site of pBR322 in both possible orientations. A 98 bp Hae III fragment, containing the class III promoter from 46.5% of the T7 genome (5), was isolated from T7 DNA and cloned into the Bam HI site of pBR322.
In Vitro Transcription
Unless otherwise stated, all in vitro transcription reactions were done at 37° in 50 mM Tris-HCl, pH 7.6, O.lmM dithiothreitol, lOmM MgCl,, 2.5mM spermidine, and ATP, GTP, UTP, and CTP (0.2mM each) (plus 20 tiCi/ml Unless otherwise noted, all fragments are from pRW351 (Fig. 1) . A Hae III fragment isolated from T7 DNA which contains the class III promoter from 46.5%. All of these plasmids were constructed by cloning a fragment of T7 DNA into pBR322. pRW362 and pRW363 differ in the orientation of the cloned fragment. Capitals indicate fragment sequences, lower case indicates vector sequences, the underlined base pairs show homology with the class III consensus sequence, the box delineates the highly conserved region of class II promoters (4, 5, 22 Glycerol Effect on Transcription Figure 3 shows that addition of glycerol to standard in vitro transcription reactions reduces the rate of transcription observed for the plasmid bearing a wild type promoter, but enhances the rate for plasmids with mutant promoters. The net result is that pRW371 is nearly as active as pRW362 in 15-20% glycerol. The addition of glycerol has no effect when using pBR322, pRW373, pRW375, or pRW376 as the template.
Temperature Effect on Transcription Rates were determined as in Fig. 3 . Symbols are as in Fig. 2 .
37 40
TEMPERATURE PC) similar to that of adding glycerol, since an increase is found in the ratio of the rate of transcription using a mutant promoter compared to the wild type rate. For pRW371, this ratio increases from 15% at 30°to 42% at 40°; for pRW370, this ratio changes very little, from 4% at 30° to 6% at 40°.
Ionic Effect on Transcription Figure 5 shows the effect of KC1 on in vitro transcription reactions.
The interaction between T7 RNA polymerase and the mutant promoters in pRW370 and pRW371, is very sensitive to increased ionic strength. The rate of transcription from pRW37O and pRW371 is reduced to 1/2 of its initial value by the addition of approximately 20mM KC1. This is in contrast to transcripton from pRW362 which is not reduced to 1/2 of its initial value until the addition of about 140mM KC1. The resistance to increased ionic strength of Figure 5 . Effect of ionic strength on the rate of transcription with wild type and mutant promoters. Conditions are described in MATERIALS AND METHODS. KC1 was added as indicated. Rates were determined as in Fig. 3 . Symbols are the same as in Fig. 2 . [KCl]mM the cloned class III promoter in pRW380 is even greater than that of the class II promoter in pRW362.
The class III promoter also shows more resistance than the class II promoter to increased ionic strength when the DNA is not supercoiled, as shown in Figure 6 . This confirms the observations made by McAllister and
Carter (6) . For this experiment, pRW380 and pRW363 were linearized with restriction enzymes such that the run off transcript size would be 389 and 474 bases respectively. DISCUSSION pRW370 and pRW371 contain active promoters, whereas pRW373 does not.
Thus, we conclude that the upstream end of the minimum promoter sequence required in vitro lies between -10 and -8. Restriction fragments bearing T7
promoters with similar deletions were constructed by Osterman and Coleman and were shown qualitatively to be active in vitro (22) . These promoters, and those in pRW370 and pRW371, all have some base pairs, in the region from -22
to -11, which are homologous to the wild type consensus sequence. There may be functional DNA-protein contact points in this region, but since all of these promoters are different, it can be concluded there are no base pairs upstream from -10 which are essential.
The difference in the activities of the promoters in pRW370 and pRW371 may be due to the conservation of different bps in the region from -22 to -12, but it is possible that the change of position -11 from CG to TA accounts for the reduced activity of pRW370. In the wild type promoters at 30 60 90 120 150
[KCl] mM Other studies on promoters of this type were done at low salt (22) , making it possible that salt sensitivity is a general feature of such mutated promoters.
This hypothesis would explain the failure to detect in vivo utilization of the weak promoters at 37.9, 40.8, and 44.4% of the T7 genome (26) , and would predict that the promoters pRW371 and pRW370 would be inactive in vivo. In vitro studies with highly purified polymerase and mutant promoters should reveal these details.
It has not been possible to identify specific transcripts in standard in vitro reactions using supercoiled pRW362, pRW370, pRW371, or pRW380 as the templates, as analyzed by urea-polyacrylamide gel electrophoresis (data not shown). However, we believe that the average transcript lengths should be approximately the same since there is no strong terminator for transcription by T7 RNA polymerase in pBR322 in this orientation (27) . Thus, any differences in the rates of transcription probably reflect differences in the rates of initiation.
